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engineering support to other laboratory operations.
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.iE C2.P. :X VIRRATIONS .. D DRL :?AG OF A
LC'IG OCEANO R?.;IiC .WEiE IN CROS.-FLOW

C. M. Alexander

A cylinder in cross-flow experiences periodic forcing related to
the shedding of vortices in its wake. Long *ires in the ocean vibrate
in reponse to this forcing, but their length and damping is such that
boundary conditions do not generally apply to solutions of the equations
of notion, and their vibratory behavior at one point is of little *conse-
quence at remote points. The bulk of previous studies of vibrating wire
characteristics have utilized only short wires or cylinders in the
laboratory, so have not considered or even permitted this phenouenon.

During a typical deployment of the Scripps Deep-Tow survey system
to depths of 2800 meters, a small 2-axis acceleroneter package was
attached to the tow wire at a depth of 30 meters and its output recorded
in a diver-operated vehicle about 1 meter downstream. Analysis of these
data produced sharply peaked spectra with the frequencies of vibration
in the direction of flow twice those across the flow. Good correlations
were found between mean amplitudes across the flow and the corresponding
peak frequencies, and between mean amplitudes across and aligned with
the flow. Preference for a specific phase relation between motions in
the two planes suggests that vortex shedding occurs progressively, and
the forcing function has the form of a complex wave traveling down the
wire.

To investigate the implications of the preceding, a tow-tank fix-
ture was built which permitted reproduction of amplitude, frequency and
phase relations in a cylinder representing a point on the wire. A
series of tests were made to measure drag force directly and obtain an
empirical drag law. A constant drag coefficient of 1.8 was found in the
Reynolds number range 7000-12000, compared to other investigations that
have ignored vibrations in the flow direction.
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_______ - riu]~
i ,Exploratory and Advisory

CCXPUTER SOi'_WARE FOR NORDA'S ?DP-11

William Fincke

The MPL plotting package and a variety of application soft.ware hzve

been implemented on NORDA's PDP-11/34 minicouputer zystem at the NSTL
site. The major applications __pleented include raytracing and the
mini-FACT propagation loss zodel, along with plottirg capabilities for
both. The MPL plot package was interfaced to NORDA's Houston DP-11
plotter, Frintronix 300 printer/plotter, and Tektronix t010 graphic
display, allowing any software using the plot package to utilize any of
the three displays. A general purpose 3-D plotting routine was also
implemented under the same plot package. In addition to software
specifically oriented to data reduction and plotting, word processing
software developed at MPL and latest software updates to NORDA's operat-
ing system have been installed at NORDA.

William Fincke of MPL traveled to NORDA on three occasions to
develop and debug the software mentioned above and to give general
technical assistance in hardware selection, including the Houston DP-11
plotter, Printonix 300 printer/plotter, and DEC VT-100 video terminal.
He also traveled to Nashua, New Hampshire, with NORDA personnel to
assist in the acceptance testing of the NORDA Array Processing System
(NAPS) supplied by Sanders Associates. On this same trip he introduced
NORDA personnel to the array processor system later contracted for by
NORDA from Computer Design and Applications of ,ewton, Massachusetts.

2



MISC F1 ..... 3CUS

During the course of this contract MPL has provided technologicl
support to U.S. N-avy activities whose missions involve -3crch and survey
on the deep sea floor. The work has included:

a) modification and upgrading of shipboard cable-hand!i:g cquiu-ent for
use by other groups with their own tethered, tz'nned, renotely operated
undersea vehicles;

b) modification and upgrading of transducers for the side-scan : C:;ars
mounted on these vehicles;

a) development of computer software to provide for high accuracy acous-
tic bottom navigation;

-I d) consultation with Commander Submarine Development Group ONE and
numbers of his staff concerning deep seafloor search equi;ment and tech-
niques; and

e) support to CCMSUBDEVGRPONE with short-term loans of various equip-
ment.

I



V. C. Ande- son

Volune reverberation 2easurer-ents have been carried out with the
multiple frequency short range echo ranging system developed under this
contract. Obser-vations in the southern California area produced quanti-
tative measures of scattering coefficients for a variety of depths at
different times in the diurnal cycle. Spatial distributions were stu-
died with the aid of a vector current meter on the reverberation instru-
ment package.

The results of the experimental measurements are doc-m-ented in the
-1 Ph.D. thesis of Brett Castille "Characterization of acoustic reverbera-

H • ition in the ocean for high frequency, high resolution sonar systemsw,
University of California, San Diego, March 24, 1978. A surmary of this
thesis follows:

Surmarv

A variable depth sonar system centered around a PDP8/E minicomputer
was developed. It is unique in that the acoustic frequencies are high,
155, 227, 557, and 819 kHz, and the acoustic beams are narrow 1.60 to
6.60. The high frequencies permitted observation of reverberation from
very tiny particles, and the narrow beams combined with the depth varia-
bility allowed fine spatial resolution at short ranges. The system was
used to assess some of the characteristics of the envirorment for high
frequency, high resolution sonar systems in local waters.

Some observed values of acoustic backscattering strength are given
in the form of representative vertical profiles from 0 to 500 meters in
depth. Observed values ranged from over -30 db relative to 1 m-1 at 819
kHz down to about -90 db at 155 kHz. Very generally, backscattering
strength was found to decrease both !.' magnitude and variability with
depth. However, some interesting features were found superimposed on
this, such as a scattering layer on a thermocline which was visible at
557 and 819 kHz but not at the two lower frequencies.

Individually resolved scatterers with strengths that could be
expected of some of the zooplankton such as large copepods and euphausi-
ids were observed to aggregate in layers as thin as 3 m. Thinner layers
possibly exist, but were not resolved with the methods of data acquisi-
tion and statistical analysis used.

Horizontal aggregation of resolvable scatterers was seen to occur
over distance scales from a few m to over a km. However horizontal
aggregation on scales less than 50 m with sufficient intensity to be
detected in this analysis was intermittent. 4
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Toth verti'.al and hcrizont.1l aggrec-ation tended to be tol-e intense
in larger scatterers (> -72 db at 819 knz, expected of eupha-usiids) than
in the aier nd -,ore nu:erous particles.

Reverberation from the Lmall instantaneous scattering volumes in
this study, all less than 1 m3, was never Gaussian. In some instances,
especially in deep water, the first order probability density function<1 of the reverberation aplitude was nearly lognormal, although sisnifi-
cant differences in some statistical properties were always found.
Individual scatterers assumed to be plankton were found to be located
independently of one another when separated by more than 75 cm. They
nay be independently located at considerably shorter separations but
this was not resolved with 1 -sec tone bursts. No evidence suggested
that the spatial arrange=ents of such scatterers were not Poisson
processes.

Fish, however, were seen to affect each other's location at dis-
tances out to 1.5 m. a distance which =ay be quite variable depending on

-the sean fish separation.

Estimates of target strength abundance distributions of individu-
ally resolved scatterers were made by deconvolving echo level distribu-
tions with a probability density function generated by the acoustic beam
pattern. Small scatterers were generally more numerous than large ones,
but there are considerable local variations in the forms of these dis-
tributions in specific samples of water. There is some reason to
suspect that when averaged over large volumes and time intervals, target

strength abundance distributions of suspended particles may be roughly
linear on full logarithmic coordinates.

5
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:KJLI.-IC'.....L>A:, AU3TICS, $CK;N .3. QY. , T2 ON

F. H. Fisher

During the past five years the efforts of Dr. Fi!her's group have
been directed towards (1) using a vertical array to study -ultipath
arrival structui-e (2) developing and using a high frequency (90 kiHz)
narrow beam echo sounder to :casure bottm topog .-a-hy and internal waves
and (3) _lcazrin.g and studying lcw frequency sound absorption in the
ocean.

FluctuatLion_s, utt.th ind Ca';:stic

The major thrust has been directed towards the COTEACK series of
cruises in which a large aperture sparse array (532 ueter, 20 elements)
is used to separate ioultipaths by their vertical arrival angles. By
separating the various arrivals by their angles it was expected that
destructive interference effects could be reduced or eliminated thereby
improving array performance and leading to continuous tracking (CON-
TRACK) of individual multipaths. In this way fluctuations due to the
medium could be studied by examining individual arrivals separately.
Theoretical work by Munk and others had indicated that saturation due to
micromultipath effects on individual paths would lead to incoherent
acoustic energy. We found that saturation effects appear to be minimal
out to long range and that signal coherence is substantial over the
array aperture.

The CONTRACK I (17 January - 3 February 1975) and CONTRACK I (3
December - 14 December 1975) were initial attempts using a uniform and
tapered element spacing on the array in conjunction with a beamformer.

4 While arrival patterns were obtained, they were so complex and difficult
to interpret that it was decided to go to a pseudorandom sparse array
and use a minicomputer to form beams on a first principle basis. CON-
TRACK III (15-28 June 1976) showed that only two dominant arrivals were
present as a 445 Rz source was towed at 90 m depth on a radial run. The
array was centered at the axis (750 m) and runs out to 5 zones were
made. !'cwever, cc:=plex FiT's on only 0.2 second samples did not allow
us to do a narrcw enough frequency analysis to discrizinate against sea
mount reflections which were suspected in parts of the record. CONTRACE-
IV (6 May - 21 May 1977) samples were 2-seconds long and also were
obtained at 195 kHz and 400 Hz. Results out to 200 miles were obtained
and clearly showed only two dominant arrivals.

These results were reported as follows:

Fisher, F. H. and Phelan, F. M., Ocean propagation experiments (OPE I)
(U), U.S. Navy Jour. of Under-w. Acoust., 29(2), pp. 147-157, 1979,
(MPL-C-28/78).

Fisher, F. H., and Phelan, F. M., Ocean propagation experiments (OPEI I)

6
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1#6 U) 19Y8, V. I, -C
I r , F* H. , --g : pMnt -c:~cs-dn *-- n of

t c - '1-re of -ie4val. :U , : s : U.., : of 'le A ,-
tic luctuoat.on Work--.thop, D.:l C,-:tch "-.w -- v, r ... . .
C., 22-23 7 Y 197(8, V. 2, Pp. 11 15-126 -c -. 1/18)

Fi.rher, F. H , R 'nge r.:,,: . nt "'.ctuti ;-d -t r 0, '
verticl arngle of ,zrrival st-ut;.e (U), ML. . of c' e .'.,.'n
298, 23 ieb. 1978 (!.---22I 8).

Fo!2_cwing the CCNTRACK !V , Uie our 6.2 wif s suj::Z:td ".:b-
..... nt~liy by 6.3 firndi.1g f'rcn the LF.4.? iy.'. ".*, -h'c, hes .::e the

:AS progrr . -ffor'ts have h n ,:"-eted tc'- a -.- or : , -,it "n
on--line analysis capiability in pr,'aration for CL:..A V whi'h o.; -ed
in October 1979. The i-:prcvzcut wre dii---cted t'.."-s .i c
at scveral frequencies so that effects of ur- u " fr r ncy nd
-i%-ay :otion could be rnasud.

In the work with the 87.5 kHn n~rr-cw bcr(m ehc ccuroer it -s fo',nd
that even though it was designed to profile bottom topography it .as
capable of profiling internal wave activity very well. Results of this
work were published as follows:

Fisher, F. R., Bishop, C. B. and Squier, E, D., ,..ul!s of ODIX I Fxper-
iments (U), SIO Reference 76-12, 1 A'gust 1976 (MPL-S-26/76).

Squier, E. D., Willi rs, R. B., Burke, S. P., and Fisher, F. H., Figh
resolution, narrow beam echo soi:nder, SI0 Reference 76-8, 1 June
1976 (MPL-U-69/75).

Fisher, F. H. and Squier, E. D., Acoustic observation Of den..ty laye-s
in the ocean, J. Acoust. Soe. or., V. 58(l), p. S102, 1975 (M?L-
U-83/75).

Fisher, F. H. and Squier, E. D., Effects of light and angle of incidence
on acoustic observation of biologically erhanced layers in the
ocean, J. Acoust. Soc. A-er., v. 59(l), p. S74, 1976 (HL-U-11/76).

Fisher, F. H. and Squier, E. D., Ohse-vation of aco'u;stic layerir-g and
internal waves with a narro•-b? 87.5 kHz echo s3ounder, J. Accu:t.
Soc. Azer., V. 58, p. 11315-1317, 1975 (H.L-U-4/75).

It should be pointed out that this work led to the use of this echo
so'nder by Dr. R. ?!:-kel to study inturnal v-ves with doppler sign-al
proce ssir.g :,thods,

:oupd Ah or~ptio.g

In the absorption experiment work CDR V. P. S:!=osn earned his
Ph.D. by showing that the 1 kFz relaxation in low frequency absorption
effect in the ocean is due to boric acid. He also nade the best teas-
urements of the VgSO relation at higher frequencies. Results of this
work were published as follows:

Fisher, F. H. and Sir~nons, V. P., Discovery of boric acid as a cause of

i7
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lowuy -d - o " n e . o, f he

l- -- " 5 ,7f .,. e or * '...e r. . tr 7d. -e

-'n , "!2 - 5 i . i ' , -. i. - A - , '5 -:-,O
9911-1 CF'.C, pp. 21--24, I i5 ".'- - - ,/5" ' .

Si:-ons, V. P., ...... ,of 1 k z .ond -'n ia
Ph.D. Thesis, Univ'%.-sity of C, fc.:'!a, " .n .,o.

F-sher, F. H. ad S-:.'a .-s, V. P., c..-ond JL'.u:-n in *,a .- ter, J.
Acoust. soe. '- ,r., v. 62(3), Pp. - 19(7 77)L-U.-/'7)

Siions, V. P. 1..nd Fi.her, F. P., Cbse:'vation of the Iw . .:cy (1
kHz) reluxation in usinatgr .sing a 20C-!it,:r g! s :h.i .... ;-
nator, Tr-n-s. 88 ± of the Acctzt. :oc. of -:r., !-- v.1 97 4 , S t ... .. L o u i s , 1;c r i , V . 56 , p . 5 17 ( -' " / f .

?- mr, , F. H., Lt..:-ica -qui o:: '-ts Ly ci:':. .I l .. .
absorption, J .t re. ."::er., v. 57(1), p. £j6, 9i5 C:?"-
4/75).

Si--ons, V. P. -nd Fisher, F. R., Lcw-f- :qu-.ncy ec':.d ithsorpt'on in 'ea
water as -.nasured in the laboratory using a phcria1 ,e::ator, J.

°"~~~~~ ! .oust. So . " rV. 57(l), p. S56, 19 715 ..{ X 'L X -" "/ 5 )-

Sirlaos, V. P. and Fisher, F. R., caction kinetics of the - ar-.nt
boric-acid-related low frequency (1 kHz) relaxation in sea water,
J. Acoust. Soc. Amer, v. 57(l), p. S56, 1975 (XL-U-5/75).

Sir-mons, V. P. and Fisber, F. H., Lcw-frequency sound absorption in
Pacific Ocean water, J. Acoust. Soc. Amer., v. 58(I), p. S85, 1975
(MPL-U-84/75).

Finally, close examination of Sizzon's thesis laboratory results
against selected ocean data revealed discrepancies which suggested the
existence of a third che=ical relaxation at 3 k z. Subsequent labora-
tory work by M'ellen, Slr.ons and =:rownirg confi:-red a third relaxation
due to MgCO 3 .

Fisher, F. R., Sound abnorption in 3ea water by a third chemical reiaxa-
tion, J. Acoust. Soc. Amer., v. 65, p. 1327-1329, 1979 (,.PL-U-
28/77).

8
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H }-F. CY A.C-US'i IC SCAT R-N G

G. T. Kaye

- This rc-7car'rh was intended to investigate high frequency acoustic
-- vrrberation in the upper '00 zeters of the ocean usirng two devic,.s, a
na',2ow-beam Thort-pulse :.hcounder and a large planar array. W*,uk with
the echo:ioinder included identification of reverberation sourc's at 87.5
k*z -id a cpar~son between sound scatterirg layer depth flictuatior3
and ohort period intvnal waves. Work with the planrar array at 8 k :z
-- s to deter:ni:ae if bac,:;catter from ::c'nd siced :icro-structure could
be a pav ted from veturns due to biological reverberation. This
research resulted in the publication of five articles in refereed jou-
naIs, three technical reports and two oral presentations at conferences.
Some of these results are listed in the follcwiag paragraphs.

Reverberation structure has been observed from the R/P FLIP with a
narrow-beam, short-pulse, 87.5 kHz echo sounder. The system resolution
indicates that the backscattering can be resolved as discrete targets.
Target strengths and scatterer densities suggest that the scatterers are
probably fish and possibly squid and siphonophores. Although zooplank-
ton may be observed acoustically if there are sufficient animal densi-
ties, they will not be the dominant scatterers below the mixed layer for
mall insonifled volumes. A midnight migration was observed that
corresponded with the passage of rain squalls.

The enpirical relationships lir-kirg fish length and target strength
for geo-etric region scattering were shown to apply in the case of peak
dor3al vslues to soze other marine organisms. Peak dorsal taget
3treagths for squid, crab and penaeid prawns lie within 6 dB of the
appropriate predictions for similarly-sized fish. Some zooplankton
values are within similar limits provided insonifying frequencies are

Ssufficiently high to ensure that geometric region interactions occur.
The target strength data reviewed show little overall frequency depen-
dence in the gecmetric region, as would be expected if the scatterers
were modeled as finite cylinders.

A correlation was found between acoustic scattering intensity at
87.5 kHz and small-scale vertical temperature gradients. Frior to the
rise of the Sound Scattering Layer, there was a pcsitive correlation,
which persisted for about an hour after the upward evering migration.
After this time a diffuse downward migration was observed until the
correlation was significantly negative. This observation indicates that
the use of acoustic backscatterig for remote sensing to map differing
oceanic water masses has limited utility because of varying biological
behaviors.

A qualitative comparison between depth fluctuations of sound
scattering layers and vertical isotherm motions revealed an excellent
correlation for short period internal waves. It was concluded that echo

W 9
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sc.,er pli (Itions to the acot:stic r(:-ote ...... of nt-,::al 1:ves
are pcted to be quite 3ucc-ssful. AdditfennIly it Thould be *x2ectd
that doppler sonar sys ' -!s will be useful ur- nt tools for 2rd~r-
standing dyn-!nic ocean p.'ocezses. A technique was dcvied to extrudet
internal wave inforsat.on directly from the .hort-pul e reve beration
data. The technique was a tracking scheme which osti:ated the :]ean
vertical motion of accustic scatterers and then inferred the inter:nal
oscillations. Good cohercence was found between isotherm depth 1 stories
3nd the trackirn output for frequencies of 0.5-10 cycles per .our, espe-
cially in the octave of 3-6 cycles per hour.

A largo-aperture, higbh-frequency array with sound source was ued
to detect returns from sound speed microstructure. Returns were Infin-
itely clipped znd numerous beans were formed by steering for ourved wave
f;-onts. The processing was a unique application of digital array phas-
in g that allowed discrimination between returns from zefectors and
discrete point scatterers. Microstructure reflections were found to be
highly directional with beamformer outputs dropping more th-n 15 dB as
the angle of incidence varied to 20 from normal. A comparison between
typical target strengths for marine organisms and reflection coeffi-
cients to be expected for weak and strong microstructure reflectors
showed that the detection of microstructure reflections with conven-
tional echosounder systems will be masked by biological reverberation
for almost all typical oceanic thermoclines.

References

1. Kaye, G. T., A large aperture acoustic array to observe oceanic den-
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Ocean Acoustics

CA?R and >! U CH .... " CR ... aa Th.'lysis

G. B. Morris

Work covered under this project has been devoted to fundamental
... dies concerning the propagation of nound and the -rbient noise in the

i oce-an.

Most of the data acquisition, analysis and studies relate to two
major exercises conducted at sea. Exercise CHURCH ANCHOR was conducted
during August-September 1973 in the region of the northeastern Pacific
Ocean about halfway between the California coast and Hawaii. The other
exercise, the Combined Acoustic Propagation in the E.stpac Region (Exer-
cise CAPER) was conducted during Aug'ust 1974 about 400 miles west of Los
Angeles, California (Ref. 1).

In both of these exercises, hydrophones were distributed in verti-
cal line arran&ements beneath the R/P FLIP. Usually the depths at which
the hydrophones were positioned were selected so as to sample the water
column at four key depth positions, the sound channel axis, the critical
depth (conjugate depth where the sound speed is equal to that at the
surface), near the surface, and near the bottom.

One study examined the depth dependence of the omnidirectional
ambient noise levels for these two exercises in the northeastern Pacific
Ocean. Hydrophones were positioned throughout the water column from
about 200 m below the surface to 150 m above the bottom. The results
showed that data from 15 Hz to 800 Hz from the two exercises could be
combined on the basis of sensor position with respect to the individual
sound speed profiles without regard to absolute depths. At low frequen-
cies the ambient noise decreased with increasing depth with most of the
decrease occurring in the region between the critical depth and the bot-
tom. No wind speed dependence at the low frequencies was observed. At
higher frequencies the noise levels and the depth dependence was con-
trolled by the wind-generated noise.

The propagation loss and s3gnal-tc-noise ratios at the four widely
separated hydrophone depths were deterimined from explosl e signal data
collected during Exercise CHURCH ANCHOR. The results are discussed in a
classified report (Ref. 3). Analysis was made of the effects of range,
frequency and sensor depths on the propagation loss and signal-to--noise
ratios for a constant source depth of 18 meters. The sensor depths used
in this study were 775 meters, 2492 meters, 4250 meters and 5180 meters,
corresponding to depths near the sound channel axis, a depth roughly
midway between the axis and the critical depth, the critical depth, and
142 meters above the bottom, respectively. The objective of the ana-
lyses was to identify source-to-receiver ranges, frequencies, and sensor
positions which minimized propagation loss for the signals, and, in par-
ticular, resulted in maximum signal-to-noise ratios. Bath)etric or
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changing water lass effects on the _6u;jd >opagat'on wrre also noted.

Th-e propagation Iozs -smlts wre aIL3o ....... ed to determine the
frequency dependent sound att.nuation in ths region of the 72cificF 1 Ocean. The results substantiated the f~ndings of others that the fre-
quency dependent attenuation in the Pacific Ocean is only half that of

*the Atlantic Ocean (Ref. 4).

The same analytical techniques used to study the fi-equency de>n-
dent attenuation for the Pacific data were also ipplied to a-ehivll data

* from the Bex uda lsland region of the Atlantic. These results were
given in the form of propagation loss and attenuation in a classif'ed
report (Ref. 5).

During the anbient noise mca.ure-zents of Fxereise CAHR, a VLCC
(Very Large Crude Carrier) or supertanker, the Chevron London, passed
through the region greatly influencing the background noise levels (Ref.
6). The tonal associated with the propellor blade rate 7nd its fre-
quency harmonics were clearly observed on single, o'ni-directional.-4 I hydrophones for ranges out to 240 nautical miles. Broadband source lev-
els in the 50 H-z one-third octave hand for this vessel were estimated to
be between 185 and 195 dB//l,.Pa. Moreover, the measurements showed a
strong dlrectivity pattern for the radiated noise of this vessel. Near
abeam the strongest blade line harmonics were in the 50 Hz to 70 Hz
band. For the near stern radiation, the strongest line were in the 40
Hz to 50 Hz band. Perhaps the most significant conclusion of the
analysis of this supertanker noise is the slope enhancement of the
acoustic output as the vessel crossed the steeply dipped continental
slope. This slope enhancement was measured at four widely different
depths from near the surface to near the bottom. This slope enhance-
ment, or the increase in far-field measured source levels when the
vessel neared the continental slope, amounted to 5 to 10 dB with the
shallower hydrophones showing the largest increases.

In 1977 the emphasis shifted from omnni-directional, single sensor
analysis to configuring the hydrophones as a 20-element vertical array
(see Vertical Directionality of Ambient Ocean Noise, page 17).

During this contract period several reports were issued which
described other effects related to the maim objectives of the research.
One report described the analog tape recordings made during particular
phases of the CHURCH ANCHOR Exercise (Ref. 7). Another report described
the advantages and potential for using the R/P FLIP as a general purpose
platform for measuring the radiated noise levels of the surface ships
(Ref. 8).
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Under the ter.ns of this contract, a program was funded to develop
Doppler solar techniques for the study of water uotion in the upper part
of the -ca. Feasibility utudies -.ere initiated in 1975, follcwed by
prototype tests in both ocean and fresh water lakes in 1976-7. 7ased on
this experience a net of four Doppler bac!-scatterirz sonars were con-
structod, under cooperative n- pport of NCRDA (Codes 500 and 541), 'NR
Code 180, and NSF. These were designed and tested in 1978-9 and used in
a highly successful FLIP cruise in May 1980, to study the directional
properties of upper ocean internal waves. In the following paragraphs

the notivation for the work will be discussed. Then the results of the
early tests will be outlined, followed by a description of the Doppler
backscattering sonars constructed. A description of the May 1930 FLIP
cruise will conclude this section of the r port.

Internal waves a-e ubiquitous in the upper ocean and constitute a
dominant source of disturbance of the ocean interior on the smaller

* scales of interest to the Navy. While the levels of internal wave
I activity are now fairly well known, the directional nature of the propa-

gation of these motions is poorly understood. Since internal waves con-
situte the dominant "background* against which highly directional man-
made disturbances must be detected, it is vitally important that the
directionality of the wavefield itself be determined. This is a diffi-
cult task. To sense the direction of wave-propagation, underwater
"antennas* have to be constructed, having dimensions comparable to the
wavelength of the waves. These range in horizontal size from a few
meters to many kilometers. Constructing an antenna which physically
spans this range of scales is not feasible. The most successful attempt
was in the 1972 IWFl experiment in which a complex tri-moor was deployed
in the deep sea, on which many current meters and temperature sensors
were suspended. While mooring technology has been improved in the last
decade, attempts to improve upon the IWEX results in the upper ocean
have not been successful. The variable currents in the upper few hun-
dred meters are strong enough to cause significant mooring motion prob-
lems. At MFL, Doppler sonar has been developed as an alternative
approach. Here, high frequency sound is transmitted in a narrow beam.
The sound scatters from the plankton (and nekton) in the beam. From the
Doppler shift of the backacattered echo, the component of scatterer
velocity can be determined at many ranges. Several such sonars, mounted
on the research platform FLIP and pointed in different directions can be
used to achieve the "directional antenna* necessary for internal wave
progagation studies.

Preliminary tests of this concept were started in 19T5-6, by which

time Doppler radars had been well established. It w. important to both
develop the acoustic technology and to investigate tu. extent to which
radar principles could be applied to scattering sonar. Tests were
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,ondcuted in !7,--~n Vc._!jte , .!it of !7>-on on r') crooty e
,:yt's g 1 o' a ;:ple ;:e-> bo "rc':h ;. nt - to ;in -inft. te

tizc-han (ith (,ieo" t scr. 7he ~no:ral :.u!i.g from
thewe t-.ts is t.at, while the :'edar 2ethods can be cx'.r -d c.er to
sonar, 3ound travels too slowly in water relative to the -otion of the
sc.tt.iorrs to capitalize on n;ny of the teohn'j1ues developed in ;';-dar.
7he zzne basic principles have to be applied from slihtly diffr-nt
poi:ts of viow. Also oany of the intuitions -n the ffforts to
detect a "discrete" tai-6et in a random noise field .zu:st be uodified when
dealing with a r, ndom 'cloud" of scatterers. These findi.7,6s were
2 rid n a NATO text article "On the Use of Doppler 5c-ar for Unper
Ocean 7elocity Esti .tes".

Following this basic research, an existing 87.5 kHz sonar was bar-
rcwed from Dr. Fred Fisher of MPL for actual sea tests. in Janu-aiy 1917
approximately two weeks of high quality Doppler data was collected. It
was then time to proceed with construction of a FLIP based :iulti-sonar
array. By October 1980, a four sonar system was constructed under the
conbined sponsorship r:entioned above. Two lare :i onars and two ~-zaler
ones were created. Each of the larger sonars consists of 1680 discrete
tranducers which are mounted on a flat plate to produce a hexagonal
array of 1.5 m mean di-meter (Fig. 1). Each array is driven at 32 ka
peak power at frequencies between 70 and 85 kHz. At these frequencies,
the beac-width is theoretically less than 10. Useful ranges to 1.6 km
have been achieved, depending on the biological scatter levels (Fig. 2).
Range resolution is adjustable. At typical resolution lengths of = 25
m, a velocity precision of cm/sec rms can be achieved after 30
seconds of ping to ping averaging. The smaller sonars, constructed of
spare parts from the larger ones, measure approximately 1.5 x 0.8 m and
are driven at 8 kw peak power.

In order to best study the directional properties of internpl
waves, the sonars were positioned on FLIP as follows: the two large
sonars were mounted at a depth of 85 m (with FLIP vertical) with beams
directed horizontal, and at right angles to each other. Thnese, when
used in a "Mills cross" fashion, will provide the desired information on
the directional properties of the waves. The smaller sonars are mounted
higher on the hull, 30 m depth, with beams directed downward at a 450
angle. These monitor the shear field in which the internal waves have
to propagate.

The co:nplete system, in addition to an auto'zatically profiling CYD
and numerous environmental sensors, was tested in short cruises in Nov.
1979 Pnd Jan. 1980. During May 1980 eighteen days of continuous meas-
urements were made in the deep sea 4O0 km southwest of San Diego. 'Over
four million independent velocity measurements were made by the sonars,
in addition to some 12 thousand CTD profiles. The data set is compar-
able in size to that from the Polytode Experiment, which lasted for a
year and involved investigators from many nations.

This contract closes with the analysis of the May '80 data set just
beginning. In excess of 200 magnetic tapes recorded on the sea trip
have been duplicated. Detailed processing is now starting. The techni-
cal feasibility of Doppler sonar for internal wave measurements has been
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Ocean Acoustics"

7'',TTC!L D7TB:C77CXM. iT'Y OF A'BHN O>j OE

R. C. 7y.ce

luring the last five ye-r. , the -c 7.ch droup fors-,-rly 1,nder Dr.
Cerald Morris and !-ore rece-ntly u,2der Dr. Robert Tyce h.s ben ' cccn
trating on stiadies of 1ow.-frequ,-ncy a,bi0ent ocean rnoife.

TIt has been clear for a 2u::b,:r of y-ars that dist..t :3n:ppn- 4t
the :ajor cctri,"utor to ":bient occ:zn noise in the 2C-200 Hz fr-equency
ra--e ('enz, 1962). In the dep oce2n, where !ong-:-a'e prop a;tion J3
pcssible, the ships which cjn contribute to the a:-bient noise field are
large in number though certainly not uniform in distribution.

Much of the work at the Marine i!hynical Laboratory, essentially
since its beginning, has been aimed at underutandi.g c:zbi-nt noise in
the ocean. Building on previous work at the lab, part of our efforts
during the past few yea-s have been aimed at understanding and quantify-
ing the directional and depth dependence of lcw-frequency ambient ocean
noise.

The earlier work on depth and directional dependencies of ambient
noise has been published in several papers by Dr. Morris and Dr. Ander-
son, particularly Anderson, 1979a, 1979b, and Morris 1975, 1978.

Earlier work at MPL established interesting depth dependences of
low frequency noise as well as indications of significant vertical
directionality. During May 1978 and April 1979 two separate FLIP
cruises were conducted to obtain detailed n-asurezents of vertical
directionality and its dependence on depth in deep water.

The Mlay 19718 experiment concentrated on the frequency range from 10
to 50 Hz. With FLIP moored at a location 350 miles west of San Diego in
water 4300 m deep, a 20 element array 532 m long was deployed vertically
to five different depths over a period of several days. More than 90
digital tapes were recorded with individual hydrophone data for beam-
forming later ashore.

The data from this expedition has proven extrcmely good, with only
one hydrophone malfunctioning during the experiment. Much of our Aai-
tial efforts at processing the data were aimed at optimizing side lobe
rejection in the beazforming process, to obtain a high degree of verti-
cal resolution.

As a result, better than 30 dB side lobe rejection was achieved on
the real data for 16 or more channels. The data themselves show primary
concentration of ambient noise in this frequency range between _ 13 deg
off horizontal for the array centered at the sound channel axis. The
noise level drops dramatically outside this ± 13 deg sector to levels
more than 25 dB lower.
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This :nL ! r :,. t . ... .. ,,s '- t n :" - ! . ... . h :-.o 'hat -,4 n
The 1z'ray is n. I2 b ttom, tYe . i:--d -. _ -n o { * . tr--:, t-td in .:n
.<ick£,irL :>.T-hi r of. 14 >g .' -s .. :;i,.d f:-'cn the ho':.;,l

7he init_-ii.l :.ults f'- -n ,hl-e cd in a >- per
by !.!oiris -ind T yce at the 2,-T.er 1978 Auou ,-ical gCo 4iey r2Ctig.

For the April 1979 work the vertical a-ray a - u-d to con-
c ;ntrate on the fr'quency r..-e from 50-00 z. '15.s f."-.u -ney r nge

"e9pesets e t .:..sition -- 6ion f;,_ m :- -(o. - :,ad to _-c -state-
dI~atf d _ .. nt o'. ::eu-e the vertical tx e:dy ".;.-s .- lcyed to the

scne five d_'Q as in the >.y 1978 -- rIt r;ng from near the
:3Ulface to rar the botto., at essentiA1y the -. re location as before.

During four days, :-e Y-n 300 t,-es of data w-ere collected during
this expedition, with only a single aignificant h.'drophone failure. The
data here show a 6radual recruction in dirtctionality from 50 Hz to about
175 Hz, where direction2ality is reduced to only a few dB difference
between horizontal and oveirhcad directions, with wind speeds of 20-40
knots.

Between the 1978 and 1979 expeditions we have an excellent arbient
noise data 6et from 10 to 300 Hz. Analysis of this data set is on-going
and includes various studies of beam and elenent noise statistics as
well as studies of envelope spectra.
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R. C. 7:,:e

21ir ng ,on cur w;:v':s "crk on the struet:..e )f
in the c :in, -n #If fcrt to study the r:.sidual :.oi ze fi.?ld --5s -
,nder this contr-ict.

A"-.st 2s :-o)n -s it -was rQ liued that the luw f. ty no'Ze

hccjrd by c,.i-iir .4 hye;.ores in the deep -ean ;, s ;.'_: ;fly
-hip . : td, it was r1': .-.ed that at -c::e lev,l of - the
iio:se field ',:,uld bccte nor-i.otropic, zeparating into s r ge or rultl-
21e h!ip -- <'ts -nd a rosidual hacktround :n.oi5e field. 'his resi.e
is the .- und "-'h will .it t:uly hih r,-forn-nce -.s54ve syz-
t,7:., ,-nd at ,:-.st jDart of it will t.,r.:=e the p2'incjpal backk:'o..d in
the ,-:vcnt of &;'-.stic o of i: :"-, . " ih c'ouid occur in t.-es of

iakig i nt c:3e of c'irr'.nt capabilities, we have been
•n-& voring to dcvelop a capability for u ring the residual noise
field. Cur c,:r;-,-nt design involves a long horizontal array attached at
one end to a heavy prezaure case susiended from FLIP in a 3-point Moor.
The other end of the array is attached to an additional line, anchored
and buoyed in the vicinity, by means of a line crawler. By proper
choice of weight, buoyancy and anchor position, the array can be held
with proper tension, and positioned at any desired depth by means of the
i'c.otely operated line crawler.

Our efforts during the past two years have involved the design and
testing of the various aspects and components Of this system. These
include array navigation, array telc .ntry, array deplcyment and han-
dlirg, and line c-.wling capability. Our efforts included investiKa-
tions into the developing Kevlar array technology, p;.rticularly invc'v-
ing adaption of the techniques developed by the NORDA VEKA group under
R. Swenson.

During May 1979 an expedition w;as undertaken aboard FLIP, with the
part iepation of the 1O.DA V-FA 6roup. This cruise was intended to t.-est
navigation, deployment, and line crawler techniques, as well as collect
environ=ental data. With FLIP in a three-point moor north of San
Cle-mente Island in 1000 m deep water, MPL and VEKA arrays were deployed

in both horizontal and vertical nodes. Array localization experi=ents
wire conducted using various sound sources. .ackground and shipping"
noise nfasurenents were also izide.

More specifically, a nine-channel VEKA II array was deployed bor-

!zontally from FLIP, and later adjusted to a vertical mode. A ten-

channel HFL array was deployed vertically from FLIP, then recovered and

deployed twice horizontally to 400 m depth by means of the line crawler.

Array localization experiments were conducted for all four array confi-

gurations using 1500 Hz transducers and transponders, practice SUS
charges, seal control charges, and various projectiles. Recordings of
ambient noise and ship traffic were cade for evaluation of the VEKA
array and studies of the noise properties of the Catalina Basin.
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The c~ 7h *.xtl ol_2y -, - .fl i '1 p' ;e' .:'

Cn-oi:g o.-k for th4..n ;.-o~tct ..;l--sdYn~d . ,t of a
r. ~~t icpce-o c~to 1 d tel, :e try -,-it fur !,:c*cl -f~ a~. I

order to zchicve -ptL-o1lution with a :2 .nof my
~~n p~s nluea 40 "i:' iy f-t:100O ;iec:t~

lorg at 1 00 7z with t p:e o' nr. Ti l '..,-It of
this a rray for ovfronr::ontal ::~ar.~~tis p! -'.-d for -82. It is
?.nticipaited that !NC'-.TDA V;'- A t, chnolot~y --ill -e ~e3
a3truction a:nd dvploy.. it1 .'Sw('1l - -;- ble c":ep~t~ tO?

Corside rty-g the ~ytnre.solution ipliod -'Oove and the be f.-z
wlich we opera~te, the initiil seaSoi!-. work will be c.i-rited iit off !.-m
Diego in the deep oceona (after an in'itinl Tl'uwpter t'!-3t) with
az nuthal - uctors pointud north1:--xouth. Cn- -rd (tata (_-(singtqui-.
mant will provide for nairrow b-nd s;2'ctr.41 .-d Etat!5tic,41 7le5S
well as data recox'dirg. Subsequent obs-_ervations will be cc. Th',cte d both
with a-nd without use of mzajor topo,.r.-.phic features to block input f rom
one or the other of the reciprocal segzents toward which t7-e b;-oads;ide
direction of the linear array will be Oriented.

These ;aubent noise studies will establish the l'i::it3 On low frC-
quoncy passive '3onar perform!ance and will be particula--rly exciting since
they will open i.n aspect of ocean acou:3tics which i.s virtually unex-
plored. It is quite possible that they will provide substantial new
viewpoints on the long-range detection problem ,-s well aus the fiindzmen-
tal nature of noise in the sea.
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. The Marine Physical Laboratory's deep-tow engineering group iri-
tially received fui~ds to undertake four tasks which would substantially
improve our ability to conduct fine-scale sea floor topographic suI.veyS
and speed the necessary related data reduction process.

The tasks were as follows:
1. Transponder versatility.
2. Improved topographic resolution.
3. Data proces singi

4. Positive sub-bottom profiling.

Task 1 was to nodify our fish and ship tiarsponder interrogation
capabilities so that we could work with A.MF or other tranzponders than
our own (see DCSD 1359, item 1). This was coizpleted.

This contract work program was modified by a letter (PME 124) which
added the task on the roughness processor and allowed us to defer com-
pletion of all the tasks, within the framework of the successor to this
contract, to which some PME 124 funds were added for the purpose.

The improved topographic capability and transponder versatility
items were completed and tested at sea in March-April 1980 during NSF-
funded MANOP surveys. The data processing element is also complete and
work on the sub--bottom profiler and roughncss processor is continuing
under the successor contract.
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SOUND FRCPAGATION !N HTCK 2KD 7 ;tS

G. G. Shor, Jr.

- 2 During the period of this contract, the pr:ary work of the group
linder Shor and Raitt wai the deternination of fnc.scale vcl'iations of
sound velocity with dcpth in thick sedimentary sections in the seafloor,
and the determination of attenuation of sound waves as a function of
depth in the same areps. In the process of doing this we developed se-e
new hardware and tcchniques for study of the seafloor. Cne item of
ha-dwa-e was a long (6 lkl) towed near--surface ai-ay and a , igit -ation
system to go with it; another item was a set of inexpensive moored
telezeteringrecording buoys for seismic work: a third was a set of
free-fall recordiig ocean bottom hydrophones, which record signals over
a wide dynamic r-rge and return to the surface at a prc-set time. The
second ad third sets of equipment have been highly successful, and with
them we h:ave made observations of sound-wave ai-rivals from deep explo-
sive shots to deep and shallow receivers. These observations have pro-
vided data on sound velocity variations as a function of depth in the
sea floor over ranges of depth that are difficult to study using shallow
sources or receivers. The best set of data, from the central portion of
the Bengal Fan has provided a precise determination of velocity with
depth, and a determination of attenuation as a function of depth, show-
ing that the attenuation coefficient, high near the surface of the sedi-
ments, decreases rapidly at depths near 600 meters and drops to a value
in the deeper part of the sediment section that is little, if any,
greater than in hard rock sectiL s. The depth at which the attenuation
begins to drop is approximately the same as the depth at which the gra-
dient of velocity with depth begins to drop from its high initial values
to a lower rate of increase, leading one to believe that the effect is
primarily one of consolidation -- the depth being that at which grains
in the sediments are in firm contact due to the weight of the overlying
material. Work on this project is continuing under a new contract, with
the goal of determining the attenuation and its variation with depth in
a wide variety of oceanic environments.
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F. VJ. S~

'he deep-tow irnatriurent system was used to pr-ovide technical ser-
vices in s'pport of a nicrobathyizetrysre eure o h aa
-lecti-onics Systems Coa:3-nd. Th e survey w.as carried out during March
1978 utilizing USI'S SILAS ThLNiT operating out of Yokosuka, Japan. Dee;-
tow topog'-aphic d!ata were reduced to contour chart form and delivered
directly, along with the original si'-_c-looking 3orar and photo&-aphic
:zaterials to NVL1S.CM(?P{E 124~) for interpretation.
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F. N. Sp-ss

In o>rto pivovide m~ore det il>-d tnfor.:atton about the zeafl'oor
,-hape (3lope and ciurvatilre across track), an interfero:7eter sida-looking
cnar was c si~rned, constractod, and tested at fea as an elrzeent of the

deep-- tow _1.rstrur elt ::y tcr. Subsequent --i.~n :odification and data
acquisition has been Y Iup7oXted by CN;R-Code '480.



.SPA FLOOR 7%FLECTIViTY

R. C. Tyce

For nore than a decade the D: p Tow group at IPL has t;, n :;:'g
its ability to :Ie nen-r-bottom eophysical .nd acoustic surveys of t'e
deep sea floor. The proximnity of the deep tow vehicle to the -ca fIr,,r

permits lateral resolution of aoustic properties of the sea floor whirh
cannot be obtained from surface vessels.

During the last five ye:lrs a system for ":etitalive c 7rC-
filinr- was developed and refined i.to a va!,:able resear-ch tool. -his
system has resulted in sever-al Ph.D. theses .nd a nmber of if!,-!1t
papers.

Beginning as a si3zple 4 kMz echo zounder, a coputer processing and
display system W,as developed. After acquL- g data on tape for Zt,.-%-Rl
years, a real time system was developed to produce quantitative data

displays alongside the old analog displays. The result is a valuable

geologic and acoustic tool for deep ocean survey work. The develo;=ent

of the system is documented in a paper by 7yce (197T).

The application of this system hns revealed si&nificant variability

in reflectivity of the sea floor and for buried reflectors on a very
small scale. Over lateral distances of a few meters, 7 dB changes in
overall reflected energy as well as 10 dB changes from individual

reflectors have been observed. Extreme variability from volcanic base-

nent is seen to be commion, requiring a scattering model at this fre-
quency.

Anomalously high amplitudes from buried reflectors together with

abrupt reflectivity changes from buried reflectors caused us to add a 6

kHz capability to the 4 kHz system. This allcwed us to observe whether

or not multi-layer interference was a significant effect at these fre-

quencies, as we suspected it was. The ccnsiderable differences between

J4 and 6 kHz profiles in many areas suggest that multi-layer interference

is a significant effect for pulsed CW profilers such as this.

The very nmall scale lateral variability observed in many areas

Also sungests that very localized pheno:zena play a major role in sedi-
mentary processes.

Despite the variability and interference which we cc=z-only observed

however, this quantitative profiler has proved invaluable to studies of

geochronology and attenuation of sound in sediments. The detailed phy-

sical and chemical property studies of core samples taken by Dr. L.

Vayer (1979) along a quantitative profiler track provided one of the few

successful correlations of physical and acoustic properties which have

been achieved in recent years.
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Sea w2.oor £td es.

Tn :_,!iition, the --al t_:eq~t~ie profiler plots !have :;rr--d
L:vill:yble for es~:tsof (- a~u 5t ic a t t:-~to :m.~:n '
md di pi~ng -eflecto;-'s, w~hich appear surjx'isnr-ly cor:on I.n 'he f p

~ea. A wIde range off values for variou.s sed ' ent types h~a;e be~en
eb~cv~dr~azting frcon 0.12 to 2ore than 0.65 dB/m at ~4 k!Iz. ~rr~

:a, y low values for calcar-_ous 5edi ent3 were d scoviered, 1., L_ ting an
unexpected trend to :-- rkedly lower attenuation for bio~enous sediz-tnts.
More work in this area is clearly indicated.

Publications on the subj4ect off attenuation in pa:rticular as well as
on reflection lo3s variability and anc: Icus zar-plitudes a-re presently in
press.
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V. C. Andr::on

. ' S , ~l pro -: ..g ::~ t_'L~a io 2 :_er t he cont -._-ct e ,e C!,:na

varied in r.ature an-d .',e, to a L-r~e extent, ser'Yed as input to other
p)rojects rather than being ,n end in

One of the :ore exte nded invc-stiation3 is one directed tcwa-rds the
poI"atioa of F. V. 'Sic Ti.';slt Sotws or'thn for detec-

tion of the traP'sit of a target p.:t a reeiving yiophece. Af ter F.
V. hunt's de ath, Dr. Fhilip Rudnick (who retired from '-'PL in 1969)
offered to assist in the project cn a volinnteer bass. Analysis of dat'a
collected from a bottom hydrophone installed off the end of Pt. Lcza hais
been e::pleted and Dr. Rudnick is p. earing a finl report which unfor-
tunately is a ne ,.tive one with respect to the applic bility of the

gorit.m in the "'v-ror. nal coise field. 7he reason behind the nega-
tive conclusionrs !ies in the non-2tationary nataire of the -.:bient noise
in the ocean.

The rekindled interest in noise stationarity that developed out of
the "sic transit sonitus3  experiment gave rise to a paper on the
envelope structure of noise and signals in the 20 to 100 Hz frequency
band is observed on the LRAPP 20 ele=ent vertical array from FLIP, and
also one treating the envelope structure of noise in the 800-3200 Hz
band as observed with the ADA array.

During this contract period two visiting scientists, Prof. Ted
Birdsall of Michigan and Prof. Franz Tuteur of Yale, spent periods in
residence at XPL, interacting with the staff and the seagoing MPL
research prcgrapis. Dr. Birdsall applied signal processing techniques to
the analysis of shot data, rezoving the artifacts associated with the
bubble pulses so that the frvquency dependence of acoustic transmission
loss over very long range paths could be =ore precisely determined. Dr.

Tuteur and J. Presley, a graduate student, developed a method of
estimating input spactra from the output of an infinitely clipped
(DIMUS) beamfozr-er.

Another signal procesing topic was the eo=arison of two tech-

niques for he ight finding in an echo ranging sonar. Specifically the
study relates to the ccL:parison of a phase difference method where a
split tran.ducer is used and a ti=e difference technique where two
separated transducers are used, with height information derived from
triangulation using travel time differencing in the echo arrival at the
two receiving transducers. -Part of the study relates to the manner in
which the 3-D infori-ation is displayed to the operator, in particular by
the use of a stereo imaging display. This study is part of a Ph.D.
thesis in preparation.
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Si~-nal Processing,

- 0'V E ';£C7RA FOR SD 01D , OS E I N - IcL T Y DA.6 ,L .--.S

Victor C. !r!:--on

A vertical line rray oj&.-..ted from the rpl.-f-ch p -M i-"IP

used to obt;lin directional saiples of deep-water s'.::- t.::r sio n
background noise over a ptxriod of three days. The data 7re i.n.yzed to
obtain estimates of envelope spectra for both sinal nd noise. S P .!-
ficant differences between the envelope spectra of siinsls -rd noise are
observed. Comparisons are also made bet'.een the acoustic si&:-al on sn-

gle hydrophones and those from the electrically steered ne:,. The sin-
gle hydrophone exhibited a much higher temporal varfabl!Ity of --:plitude
than did the beam data. Limited evidence indicates that s~atinl varia-
tions across the array were not solely due to interfe';nce between Eaor

multipath arrivals, but :ay be, ir-steed, scint!ll.tion pr-odiiced by an
inbonogeneous medium.

(Abstract from J. Acoust. Soc. Am., v. 65(6), p. 1480, 1979.)
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• Signal ro c. ing

DY:N?. IiC 3 E.'.F OThD G

W. S. 13od_,kiss ri.d V. C. .. ~ro

The conc(, pt of cohe-eritly srxining together the sg : s arrivYg at
the individual elenents of a driftirg sonobuoy array stinu1lated work by
the Marine Physical Laboratory to fabricate a dyr:c:ically proGi-a:--:'ble
tc,, -foi'rxr. As conceived, the drifting collection of SoZobuoys ;ould be
a sparse rray, i.e., one where the average se;zaration tetw ee n el erents
would be nuo lar-ger than one-half of a waveLen'th at the freuecies of
interest. The net result of having only a few ele&_ents thinly spread
across a wide aperture is that the number of resolvable 1stening direc-

*-1 tions or ebea-s that could be formed by first time delayT.g, then s:!-
ming the individual sonobuoy signals, would exceed by a factor of 100 to
1000 the nuz:ber of elc.ents themselves. Also, the tU:e vaz-ying Zoometry
of the freely drifting sonobuoys meant that the set of time delays
required for each desired listening direction would need to be dynami-
cally ajustable. This requirement for a very large nur-ber of beams
being generated from a time varying array geometry was the essence of
the dynamic beamformer problem.

The hardware which has been fabricated permits the incorporation of
slow changes in element positions and beam steering direction while the
beamformer carries out the real-time formation of 1300 beams from 32
.input sensors. The sensors are distributed in a random, but known
manner over an aperture diameter of up to 3000 meters. Their positions
are determined by a separate array element location system (designed and
fabricated by the Naval Ocean Systems Center) which makes use of several
active buoys within the predominantly passive sonobuoy field.

Progress jg Date

Design and construction of the Dynamic Beamformer was initiated in
FY77 under MP1L proposal UCSD 0723 and completed in FY78 under MPL propo-
sal UCSD 0959. The design of the Dynamic Beamformer was carried out in
cooperation with the Naval Oce az Systems Center, particularlY with
re&-ird to data for=at and system interface.

In FY79 under MPL pro.pc-sal UCSD 1318, the ZTiznic Be-zfor-er
.undervent system integration tests with the rEairing Naval Ocean Sys-
tens Center equi;m-ent. D yamic Beamfornzer software -odificatio_3 were
made to permit masking of the input data channels so that the first 32
"beams" of a beam scan actually correspond to the individual channel
signals. In July 1978, HPL participated in the first STRAP (Sonobuoy
T:hinned .andoo Array Program) 2ea test.
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